The relationships between lightness and brightness responses under the condition that achromatic "surface color " appears and the relationships between perceived illumination and brightness were examined. The Ss were required to make categorical judgments upon both lightness and brightness of the test patches presented on black and white backgrounds and upon the over-all illumination in the visual field. Conclusion is as follows: the functions of lightness judgments and of brightness judgments are different, and the relation between them depends on the luminance of the background.
Brightness responses for a test surface depends not only on the surface luminance but also on the background or the adjacent ield luminance.
The similarity of the stimulus correlate of brightness to that of perceived illumination is also argued.
The luminance of reflecting surface is usually taken as a measure of the stimulus intensity of the light from an achromatic surface toward the observer.
The luminance (L) is a function of the illuminance (E) of incident light and of the reflectance (R) of the surface itself. As far as phenomenological descriptions are concerned, a general agreement seems to exist among several researchers (Hering, 1920; Katz, 1935; Koffka, 1935) , that achromatic surface colors may be multidimensional. According to Hering, these colors have two dimensions of quality and weight (a black-white dimension and a dim-bright dimension). Katz (1935) pointed out that lightness (black-white dimension) and brightness (insistence) are independent dimensions of an achromatic color. For lightness, Katz followed Hering in proposing that the dimension of lightness ranging from white to black is a function of the surface and background luminances. By" insistence" of a surface color, Katz assumed the strength with which it bears its way into consciousness.
He says:" we shall call that one of two colours the morensistent' which seems to possess the power of catching the eye more readily and of holding it more steadily. In general, if two achromatic colorus are seen in the same illumination and against the same background, the brighter will be of this nature ". He showed, moreover, the data indicating that two colors under different conditions of illumination appear to have equal insistence when they reflect approximately the same amounts of light into the eye (Katz, 1935, pp. 108-110) . This means that the dimension of insistence represents the direct perception of the absolute luminance of a surface. After Katz, several experimental studies on achromatic surface colors provided the clear evidence that lightness is correlated with some luminance relations between a surface and its neighboring regions (relative luminance) (Judd, 1941; Hsia, 1943; Wallach, 1948; Leibowitz, Myers, & Chinetti, 1955; Kozaki, 1963; Oyama, 1968) . On the other hand, we have not yet found the sufficient evidence to decide stimulus correlate of insistence or brightness. Wallach (1963) and Evans (1964) also assumed that brightness depends on the absolute luminance of a surface. Another view is that the dimension of insistence or brightness may not re-present the direct perception of the absolute luminance of a surface, but a complex attribute which emerges rather at a central level (Henneman, 1935; Landauer & Rodger, 1964; Beck, 1972) . Among more recent experimentors, Lie (1969 Lie ( , 1971 systematically investigated dimension of brightness in an achromatic surface color perception.
On the basis of his results, he suggested that brightness perception depends not only on the amount of light reflected from the area inspected, but also on surrounding field luminance. From this view, what we can safely conclude is that so far as phenomenologicaly descriptions are concerned, the achromatic surface color may be perceived in terms of two separate dimensions.
One dimension is lightness ranging from black to white; another is brightness ranging from dim to bright.
Then, we can see empirically a brighter white under a condition of luminance and see a darker white under another condition. We can also differentiate a brighter black from a dimmer white.
In addition to these bidimensionality of an achromatic surface color perception, we have usually the impression of the over-all illumination of the surface.
For the present we must be content with these very general and vague statements. We could provide more details only through the extensive study of the relation between lightness and brightness. A. KOZAKI For brightness these were also the following and very bright. The requirement to have S judge on both dimensions of lightness and brightness was implemented by a pre-experimental session. During this session S was shown the gray chart of Japan Color Research Institute, and informed that we can usually perceive varied grayness from black through medium gray to white by changes in lightness. For changes in brightness S was asked to look at the white wall in the room, which appeared at different level of brightness depend ing on the distance from the window, and then was informed that we generally call it changes in brightness, when we can differentiate two achromatic colors of the same reflectance but of the different intensive appearances in the way that one appears brighter, the other dimmer.
At the start of the experiment S had preliminary training. S was then tested for each of the six test patches on either the black or the white background at each of the two illuminance levels (500 and 60 luxes). The order in which the illuminance levels were given was counterbalanced over the Ss. This experimental procedure was repeated two times with different random sequences.
Subjects. Thirty female Ss, all undergraduates, participated and they randomly divided into the two groups of 15 Ss each.
Results
Each judgment was translated from the category scale into a numerical scale ranging from 1 to 5 for computational purposes. Fig. 2 shows the mean lightness judgments. The abscissa represents the test patch reflectance, and the ordinate represents the rating judgments on lightness. A straight-line was fitted by the method of least-scfuares to the judgments over the test patch reflectances for each background under each illuminance level. The adaptation reflectances (AL) obtained from these straight lines is given in Table 1 . For the black background the adaptation reflectances in two illuminance levels were 8.73 and 14.28%, whereas for the white background they were 25.97 and 28.83% respectively. These values indicate the dependency of the lightness judgments for the test patch These results coincide with the general findings of previous investigators. Fig. 3 shows the mean brightness judgments as a function of the logarithmic luminance of the test patch for two different backgrounds. It is clear from Fig. 3 that on the black background the brightness judgement increases as the luminances of the test patches increases. On the other hand, the brightness judgment on the white background does not change when the luminances of the test patches vary. They are rather kept constant regardless of the luminances of the test patches. The difference in backgrounds was not significant statistically. However, the interaction between background and test stimulus was highly significant (F= 15.98, df=5/140, p<.01) . Such results might suggest that the luminance relation between the test patch and background is a determinant of the brightness judgment of the test patch.
In Fig the gray background obtained inthe previous study (Exp. I, Kozaki, 1973) . The inspection of these figures indicates the followings: (a) In Fig. 4 -a it was shown that as the lightness judgments of the test patch shift from darker to lighter, the brightness judgments of the test patch are increased correspondingly. That is, the brighter judgments of brightness are obtained with the lighter appearances of test patches, and the dimmer judgments of brightness are correlated with the darker judgments of lightness. This fact means that on the black background the judgments of brightness of the test patches are correlated with the judgments of lightness. (h) On the other hand, there is no correlation between the judgments of lightness and of brightness on the white background. This statement is based on the fact that both of the two lines in Fig. 4 -h. On the gray background, what correlations can be observed between brightness judgments and lightness judgments? There seems to be no systematic relation between the brightness judgments and the lightness judgments. However, comparing this configuration with those obtained on the black and on the white background, very interesting findings might be suggested. It should be noted that under the gray background condition, as far as the relation between the reflectances of test patches and of background are concerned, the test patches were divided into two groups. At some of the test patches the reflectance of the test patch was lower than that of the background, and at another members the relation between them was reversed . That is, the two stimuli (3 .67, 9.55%) at lower end of series were darker than the background (17.70%), on the other hand the rest four stimuli (19.77, 34.92, 83 .07%) were lighter than the 1 ground. Moreover, it is worth noticing that the former relation seems to cornwith the one on the white background, the latter relation with the one c,u the black background. It might seem, therefore, that on the gray background each line for the both level of illuminance consisted of two different types of brightness-lightness functions. One of them is very similar to the function on the white background; the other is similar to that on the black background.
Summering up the results we may say that under the condition that background luminance is lower than that of a test patch, the brightness of the test patch is correlated with the lightness. On the other hand, when background luminance is higher than that of a test patch, there is no correlation between the judgments of brightness and of lightness. It is obvious, therefore, that the relationship between lightness and brightness responses is dependent on the background luminance. In reference to these findings, several points must he mentioned: the functions of lightness responses and of brightness responses may have different stimulus correlates. It should be remembered that in view of several other investigations (Hsia, 1943; Leibowitz et al. 1955; Kozaki , 1963; Oyama, 1968) lightness responses are determined not only by the luminance of a test patch, but also by the luminance ratio of the test patch to other parts in the visual field.
The present results on brightness judgments might suggest that brightness response is not dependent on the absolute luminance itself and not even on the luminance ratio, but on the highest luiminance in the visual field . As is pointed out before, under the black background condition each test patch luminance is higher than that of the background , so that the judged brightness of the test patch increased with increment of their luminance. And under the condition on which the background is the highest luminance in the visual field, such as the white background, the judged brightness of the test patch does not increase when the test luminance increases, but rather held at constant level regardless of these increases. In the case of the gray background, in which some test patches are higher luminance than that of the background and others are lower, the judged brightness of the test patch is kept constant independent of its luminance, until the test patch luminance is increased over that of the background.
As the test patch luminance becomes higher than the background, then the brightness response changes correspondingly with the increment of the test patch luminance. These findings agree with the result by Lie's experiment (1971) . He investigated the brightness of a test field as a function of surrounding brightness judgment of a test field was relatively independent of luminance of the surrounding field until the luminance of the latter had passed well beyond that of the test field. With further increase of surrounding luminance, the brightness judgment of the test field increased rapidly. Now, we can realy find a unique principle underlying the present results mentioned above. That is, in the present stimulus condition the brightness judgments are mostly determined by the higher one of the two luminances: the test luminance and the background luminance.
Here, we will bear in mind that this factor determining the brightness is considerably similar to those determining the perceived illumination.
Beck (1972) pointed out, through his experiments (1959, 1961) , that the judgments of illumination were strongly influenced by the maximum luminance reflected when either highlights or clearly discriminable areas of higher surface or background luminance were present. The experiments by Oyama (1968) and by Noguchi & Masuda (1971) In order to answer to the question mentioned above, Experiment II was planned.
The purpose of this experiment is to examine the impression of illumination and to compare the data with that of the brightness.
Method
Subjects and procedure. Ten Ss were randomly selected among the thirty subjects that had participated in Exp. I. This experiment was done about one week after the Exp. I. S was instructed to make judgments on the perceived illumination in the total visual field.
It was emphasied that the impression of the illumination is different from the brightness. S was asked to make judgment by means of the rating TABLE 2 Mean differences between rating judgments of illumination under higher and lower illuminance levels for 10 Ss method. The stimulus conditions and the general procedure were the same as in the Exp. I. But in this experiment S was assigned both black and white background conditions. The order of both background conditions was counterbalanced over the Ss. The rest period for fifteen minutes was imposed between the measurements, of these two background conditions.
Results
The results obtained were plotted in Fig. 5 . This figure shows the mean judgments of the illumination as a function of the AIunsell Value (M.V.) of the test patches. The curves of the judged illumination under the white and the black background conditions seem to he different from each other. The curve for the white background is nearly flat, while the curve for the black background is steeper. That is, in the case of the white background the impression of the illumination is kept almost constant without regard to the changes of the M.V. of the test patch. On the other hand, on the black background it increases with the increament of the M.V. of the test patch. It should be remembered that the luminance of the background itself in the case of white background and the luminance of each test patch in the case of the black background are the highest in their respective total fields. Therefore, if it were true that the highest luminance is the most probable stimulus correlate for the perceived illumination, in the case of the white background the judgment of the illumination would be kept almost constant in spite of the changes of the luminance of the test patches, whereas on the black background it would correspondingly change with the increament of the luminance of test patches. This point of view might give the account of the findings in Fig. 5 .
From the inspection of Fig. 5 and Table  2 , moreover, it can be deduced that the difference between judgments of the illumination under the higher illuminance and the lower one is larger under the white background condition than under the black background. A t-test comparison of the difference of the rating judgments between the two illuminance levels under the white background with the difference between those under the black background revealed significant difference (t(5)= 6.358, p<.O1). The impression of the illumination with the white background increases more steeply with the increase of the illuminance level. This finding coincides with the fact that lightness constancy of an achromatic surface is promoted by the co-existence of higher reIn order to make a comparison between the function of perceived illumination and the function of brightness of the test patches, both data were plotted together in Fig. 6 . The inspection of Fig. 6-a Result by Noguchi & Masuda (1971) should be noticed that on the black background the illumination judgments are lower than the brightness judgments, while on the white background the perceived illumination is higher than the perceived brightness. This finding is taken to mean that the perceived illumination is more dependent on the background luminance than the brightness is. Therefore, it is probably true that the impression of the prevailing illumination is determined by a total insistence in the visual field. In this experiment the area of the background is much larger than that of the test patch, so that, the effect of the background luminance on a total insistence was decidedly larger than that of the test patch luminance. Then, under the black background condition the illumination is perceived dimmer than the brightness of the test patch, while on th white background the former is perceived brighter than the latter.
The study by Noguch & Masuda (1971) also suggested a large effect of the background luminance on the impression of illumination.
In their experiment, the brightness of the background surrounding test pattern and the over-all illumination of total field as well as the brightness of the test fields were observed.
They reported data showing that the impression of the over-all illumination was considerably similar to the brightness of the background. That is, as is shown in Table 3 close to the b (.28) for the brightness of the background (mid-gray). And, the b (.33) for the total field illumination with the white background is nearly the same as the b (.31) for the brightness of the background (white). Moreover, it was recognized that under the condition of the gray background the b (.29) for the total (.29) for the white test field which is the highest luminance region in the total visual field. These findings mean that the perception of illumination was strongly influenced not only by the highest luminance but also by the luminance of the largest area in the total visual field. This seems to be consistent with the result of Exp. II. Thus, these results could confirm the conclusion that the most probable stimulus correlate of the judgment of illumination is the highest luminance or some weighted average of luminances, which depends on the highest luminance and also on the luminance of the largest region in the total visual field.
Therefore, it should be emphasized that the luminance level (the absolute luminance) of the background or of the largest part in the total illumination response.
Here, we would like to refer to Beck's viewpoint on this matter:" the neural intensity signals of highlights and of areas seen as white are not modified by lateral inhibition and vary directly with the intensity of the illumination.
What is suggested is that the perception of the brightness of an achromatic surface color is a function of surface highlights and other properties of the reflected light that indicate the intensity of the illumination of a surface " (Beck, 1972 , pp. 12-13) .
In this view, he seems to assert that the brightness of a surface is based on surface highlights or glossiness and is the basis for the perceived intensity of the illumination. Such proposal reminds us of Katz's view on the impression of illumination .
According to Katz, it is a total insistence which determines the perception of the illumination of a surface perceived to he illuminated uniformly, and a total insistence is so very much more dependent upon the intensity of the illumination than upon the color of the objects which fill the visual field that it may be quite readily accepted as the basis for the absolute judgment of the illumination intensity. It should be remembered that according to Beck the dimension of brightness may not represent the direct perception of the absolute luminance of a surface as proposed by Katz, but would rather represent a response to highlight and pattern of the reflected light. Nevertheless, it may he noted both Katz's and Beck's proposals suggest a close relationship of the impression of the prevailing illumination with the brightness of surface. The present study which suggests some common determinants between the brightness of a suface and the perceived illumination in the visual field might give strong evidence on the proposal mentioned above. However, what we can safely conclude is that there is a close relationship between the brightness of a surface and the impression of the over-all illumination.
CONCLUSION
The inspection of the results support the following assumptions: (1) The functions of lightness judgments and of brightness judgments are different. It means that the lightness response and brightness response have different stimulus correlates.
(2) As far as the relation between lightness and brightness is concerned, it was noted that the relation between them depends on the luminance of the background: that is, in the case of the background where luminance is lower than that of the test surface, the brightness judgments of the test surface correlated with the lightness judgments. On the other hand ,i n the case of the background where lumi -nance is higher than that of the test surface there is no correlation between them . (3) Brightness responses in the present stimulus condition depend not only on the test surface luminance but also on the background or the adjacent field luminance. The relationship between the test surface luminance and the background or surrounding determinant for brightness perception. Brightness response of a single test surface on a background seems to be determined by the highest luminance of them. In this respect, the highest luminance area functions in much the same way for judgments of brightness and for judgments of illumination. This means that brightness response of a surface color and impression of over-all illumination are closely related. (4) It was confirmed that the highest luminance or some weighted average of luminances, which depends on the highest luminance and on the luminance of the largest area in the visual field, is the most probable stimulus correlate for the impression of illumination.
